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Two-Choice Drug Discrimination Using Morphine on the Sand Maze
By Mike Dash and Dr. Paula Millin
Subjects- Twelve adult, female Sprague-Dawley rats bred and raised at 
Kenyon College were separated at adulthood and individual housed on 
a 12/12 light/dark cycle.  The subjects were maintained at 85% of 
normal body weight. 
Apparatus- A sand-maze task was implemented to measure spatial 
memory (see Hanson, 2002).  This apparatus consists of a container 
(kiddy-swimming pool; 36 inch diameter, 8 inches deep) filled with corn 
cob bedding (3.5 inches deep).  The container was elevated 42 inches 
from the ground.  Half a bag of finely crushed fruit loops was 
interspersed with the sand.
Figure 1. Average time spent in each quadrant. Error bars represent ±
SEM.  * Neutral quadrant average refers to average time spent in each of 
the neutral quadrants
To ensure that performance was not affected by the morphine 
injection (other than the desired discrimination effect) an independent 
samples t-test was conducted comparing the performance of the 
subjects during morphine and vehicle probe trials.  This test showed no 
significant difference in performance between the two probe states, 
t(18) = 0.164, p>0.05.  Due to this result, data from all of the probe trials 
were collapsed across the drug states.  
A one sample t-test was then conducted to determine whether the 
subjects spent more time in the correct quadrant than chance would 
predict. Subjects spent significantly more time than chance in the 
correct quadrant, t(19) = 6.11, p<0.001.  Further, subjects spent 
significantly more time in the correct quadrant than in the incorrect 
quadrant {t (19) = 5.90, p<0.001} and more time in the correct quadrant 
than in neutral quadrants {t (19) = 8.17, p<0.001}.
This study showed that the two-choice drug discrimination paradigm 
can be effectively assayed on the sand maze.  Subjects were able to 1) 
learn the skills required to obtain a reward on the sand maze and 2) use 
interoceptive cues to determine the likely location of the reward.  
Two of the twelve subjects were excluded from the study for failure 
to acquire the basic behavior of digging for the reward.  The other ten 
subjects quickly learned the intended behavior.  Given that that subjects 
preformed correctly on the task and that the probe trials were 
randomized, it is likely that the subjects were not using odor cues to find 
the reward.  Further, as the exogenous cues in the room were constant, 
it appears as if the subjects were using interoceptive cues to facilitate 
their performance on a spatial memory task.  The extensive training 
facilitated the use of interoceptive cues to discriminate the location of 
the reward.  Subjects spent significantly more time in the correct 
quadrant than any other quadrant, evidence that the discrimination had 
been achieved.
Therefore, a two-choice drug discrimination using morphine has been 
demonstrated on the sand maze.  This provides some evidence that the 
sand maze task is a possible alternative to the Morris water maze.  
Given that the task is appetitive rather than aversive, it may be the case 
that this task provides a more accurate assessment of spatial memory.  
Further studies to demonstrate the differences (both behavioral and 
physiological) between these two tasks may provide other support for 
the continued use of the sand maze task.
Subject (Test State) Correct Incorrect Neutral*
S1 (Saline) 84 27 34
S1 (Morphine) 69 39 36
S2 (Saline) 106 26 24
S2 (Morphine) 30 40 55
S3 (Saline) 97 34 24.5
S3 (Morphine) 66 32 41
S4 (Saline) 51 73 28
S4 (Morphine) 64 53 31.5
S5 (Saline) 130 17 16.5
S5 (Morphine) 118 16 23
S6 (Saline) 128 10 21
S6 (Morphine) 130 19 15.5
S7 (Saline) 91 31 29
S7 (Morphine) 112 34 17
S8 (Saline) 75 46 29.5
S8 (Morphine) 76 18 43
S9 (Saline) 85 39 28
S9 (Morphine) 73 61 23
S10 (Saline) 32 100 24
S10 (Morphine) 118 34 14
Table 1. Time spent in each quadrant during testing. * Neutral quadrant 
refers to average time spent in each of the neutral quadrants
A large body of research has been conducted using a two-choice 
drug discrimination paradigm.  This test forces a subject to use the 
interoceptive cues produced by the administration of one of two drugs 
to provide instructions to successfully fulfill a task.  Recently, 
researchers have demonstrated that the two-choice drug 
discrimination paradigm can also be used to assess spatial memory in 
the Morris water maze (Ziegler et al, 2002).
The Morris water maze task is perhaps the most widely used 
spatial memory test.  However, there is some research which suggests 
that this task may contain certain limitations  (D’Hooge and De Deyn, 
2001).  Of these limitations, the aversive nature of the study may limit 
the direct applicability of results derived from the Morris water maze 
to a pure understanding of spatial memory.
Therefore, a task which directly assesses spatial memory 
formation and is free from the limitations of the Morris water maze 
may facilitate a better understanding of spatial memory formation.  
This study attempts to implement the sand maze, a recently designed 
spatial memory task, as an appetitive alternative to the Morris water 
maze. As an appetitive task rather than aversive task the sand maze 
may more accurately assess spatial memory.  
~D’Hooge, Rudi, and De Deyn, Peter P. “Applications of the Morris water 
maze in the study of learning and memory” Brain Research Reviews. 
2001; 36: 60-90.
~Hanson, Gretchen.  “The Sand Maze: An Appetitive Alternative to the 
Morris Water Maze” Kent State Dissertation. 1-25.
~Ziegler, David, Keith, Julian R., Pitts, Raymond C., and Galizio Mark.  
“Navigation in the Morris Swim Task as a Baseline for Drug 
Discrimination: A Demonstration with Morphine” Journal of the 
Experimental Analysis of Behavior. 2002; 78: 215-223. 
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Training- The sand maze task involves training subjects to locate a 
food reinforcement (Fruit-Loops) that is buried out of sight under the 
corn cob bedding.  On early training trials the food was visible atop the 
sand. As training progressed the food was buried successively deeper 
until it was completely buried (final depth 2.5 inches). 
In a traditional sand maze task, the food is buried in the same 
spatial location on all trials.  However, in this project there were two 
reward sites; each equidistant from the start site (90˚) but on opposite 
sides of the apparatus from one another (180˚).  Each reward location 
was located 1 inch from the side of the apparatus and was marked by 
a distinct visual cue placed on the inside wall of the apparatus. 
Each subject was trained for sixteen days with a block of three 
consecutive trails given each training day.  For each subject, the 
internal drug state at the time of training was randomized.
A single training session was administered as follows.  A 
subcutaneous injection of either morphine (0.5mg/kg) or vehicle was 
given to the subject who was then removed to a waiting room for 
twenty minutes.  Ten, half sized fruit-loops were buried in the correct 
reward location, quadrants were delineated, and the subject was 
placed into the apparatus at the start site.  The subject was allowed to 
forage for the reward until half of the reward was consumed or until 
three minutes transpired. Each training session consisted of three of 
such trials.
Testing- Twenty-four hours after training had concluded a preliminary 
test session (called a probe trial) was conducted in which the protocol 
for the training sessions was followed except no fruit loops were 
buried in maze. Twenty-four hours after the first testing trial, each 
subject was given an identical probe trail but under the alternate 
state.  
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